Abstract-Network reconfiguration and distributed generation (DG) installation are important approaches for loss mitigation and system efficiency improvement. To date, these approaches are generally implemented separately. In this work, simultaneous network reconfigurations and DG installation is solved in order to minimize real power loss and improve system efficiency using popular heuristic algorithms such as Artificial Bee Colony (ABC), Differential Evaluation (DE), Particle Swarm Optimization (PSO) and Genetic Algorithm (GA). While decision making is carried out for open switches and DG sizing by given algorithms, optimal locations of DGs are decided using loss sensitivity factor in order to reduce searching space. Different cases of network reconfiguration and DG installation are implemented to compare the performances of given heuristic algorithms. Branch current, bus voltages and DG capacity are considered as constraints and 69 bus system is used for simulation. This study demonstrates that simultaneous network reconfiguration and DG installation presents better solutions than any other cases and ABC has proven minimum losses and maximum voltage improvement.
Index
Terms-Heuristic optimization; Network reconfiguration; Distributed generation; Distribution system.
I. INTRODUCTION
Power losses mostly occur in transmission and distribution (T&D) lines in an electrical network. These losses affect operation of a system negatively and they lead to financial losses. Hence, minimization of T&D losses in the most efficient way is an important issue. Network reconfiguration and distributed generation (DG) allocation are proposed approaches for loss minimization and system improvement. So far, network reconfiguration and distributed generation are generally discussed separately. In this work, however, network reconfiguration and DG installation are solved simultaneously to mitigate losses and improve voltage profile.
Network reconfiguration is defined as changing topology of a distribution system using open/close position of the sectional and tie switches [1] . There has been a lot of work related to the reduction of losses using network reconfiguration in the literature. In [2] , heuristic algorithms which decide the statuses of switches are proposed and simple formula are used to calculate power loss calculation.
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However, authors consider only one switching operation. Also, artificial intelligence and modern heuristics algorithms are used for solution of network reconfiguration problem [3] - [5] , [6] - [8] . Recently, Fireworks Algorithm [9] and twostage robust optimization models [10] are proposed to optimize economic benefits. Although network reconfiguration reduces losses, it may not be sufficient to meet the increasing demand.
DGs are located in distribution network to meet power demand, increase voltage level, mitigate losses and benefit financially. In order to benefit from the DGs optimally, they must be installed at proper sizes and proper locations. In [11] , loss sensitivity factor and GA are used for DG location and size, respectively. In [12] , DG installation is optimized in order to increase voltage level considering load demand and renewable sources. In [13] , a method is suggested to calculate place and size of multiple DG. In [14] , PSO is proposed for DG installation to decrease power losses. In [15] , various methods are compared for optimal location of DG. In [16] , multi-objective optimization is carried out for economic analysis of DG owner's and distribution company's point of view considering system requirements.
There are some works in literature about simultaneous optimization of network reconfiguration and DG installation. In [17] and [18] , hyper cube-ant colony optimization and modified plant growth simulation algorithm are applied only for small scale 33 bus system. In [19] , Evolutionary programming and Genetic Algorithm are compared for 33-bus test system. In [1] , harmony search algorithm (HSA) is carried out for 33 bus and 69 bus system and results are compared with genetic algorithm and refined genetic algorithm (RGA) which already exist in the literature. This paper contributes that 69 bus system which is relatively larger is used to be optimized. Loss sensitivity factor is calculated to reduce searching space. ABC, DE, PSO and GA are carried out for four cases and results are compared for each case. Furthermore, works in the literature are included in the comparison. Mathematical formulation of problem is given in Section II, loss sensitivity factor is explained in Section III, heuristic methods are presented in Section IV, simulation results are presented in Section V, results are discussed in Section VI and conclusion is located in Section VII.
II. PROBLEM IDENTIFICATION

A. Power Flow Formulations
Single line illustration of distribution feeder is given in Fig. 1 and power flows between distribution feeders are calculated using (1), (2) and (3) [1] , [20] . 
The power losses between buses are computed using (4) and total power loss in a distribution system is computed using (5):
B. Loss Mitigation after Network Reconfiguration
The power loss between buses and total loss after reconfiguration are defined by (6) and (7), respectively:
Active power loss mitigation after reconfiguration is formulated as follows
C. Loss Mitigation after DG Installation DG installation into distribution systems has been increasing due to liberalization of electricity markets, environmental concerns and high cost of transmission line buildings. The benefits of DG are mitigation of power losses, voltage profile and network reliability improvement, deferred network expansion cost, reduced environmental impacts etc. Power loss after DG penetration is given by (9) [1]
Active power loss mitigation
where G is length of feeder from source to bus and L is distance from source to DG. However,
 
GL is ignored in calculations.
D. Objective Function
Objective function aims to maximize active power losses mitigation after simultaneous network reconfiguration and DG installation as follows
III. CALCULATION OF LOSS SENSITIVITY FACTOR
Loss sensitivity factor of each bus is calculated to determine buses for DG installation. Buses are sorted taking into account their effect for optimum solution of system and the buses with highest priority is selected for DG installation. Thus, searching space of optimization procedure is reduced. Active power loss between 1 k  and k can be 
In order to maximize power loss reduction, DG sizes and sectionalizing switches are taken into account as control variables which are determined by ABC, GA, DE and PSO. Each of given algorithms initialize randomly and solution is improved with characteristic operators of each algorithms. Finally, best solution is selected considering their fitness values [21] .
A. Genetic Algorithm
GA initialize with random solution set named population [22] . Population consists of chromosomes which represent possible solutions and composed of genes. Each gene indicates each variable. Hence, gene number equal to number of variables in a problem. GA mainly involves crossover, mutation and selection as operators. The crossover process synthesis the parents to reproduction. Mutation randomly exchanges the genes to explore search space. Selection operator decides fitness value of solution to transfer next generation.
B. Differential Evaluation
New individuals are produced with mutation, cross over and selection operators [23] . In mutation, donor vector
vt is produced using scaling factor   F and three chromosomes as follows
.
In cross over, current vector 
In selection, the most fitted chromosome is sent to the next generation as follows
C. Particle Swarm Optimization PSO is inspired by food search of particles in two dimensional spaces [24] . It works based on particle velocity and updating its position. Velocity variation of each particle is formulated as given 
D. Artificial Bee Colony
ABC is food search simulation of bee swarm [25] . ABC comprises onlooker, employed and scout bees. Scout bees search for new sources randomly, employed bees have a food sources and onlooker bees wait for finding new sources regarding food source quality of employed bees. In order to find new sources, ABC uses
where i v represents new food source. More quality sources (best fitness) are selected by onlooker bees [26] .
V. SIMULATION RESULTS
69 bus test system is considered in order to compare the effectiveness of given heuristic algorithms for solving simultaneous network reconfiguration and DG installation. The distribution network is demonstrated in Fig. 2 [27] . System data are presented in [28] . Three DGs which are operated with a power factor of unity is considered and they cannot be connected to same bus. DGs are connected to any bus based on loss sensitivity factor and maximum capacity of DG is 2 MW [18] . System voltage limits are 1.05 p.u. and 0.95 p.u. In the simulation of network, five cases are considered to compare the given algorithms.
Case-I : Base case; Case-II: Only network reconfiguration; Case-III: Only DG installation; Case-IV: DG installation after reconfiguration; Case-V: Simultaneous network reconfiguration and DG installation.
Common parameters; iteration number and population size are same for each algorithm. They are chosen to provide stabilization of algorithms convergence curves in a reasonable time. Simulations are carried out with different parameter values of heuristic algorithms and the parameters which give the best results are selected for simulations. The common parameters are the same as in [29] Locations of DGs are decided calculating loss sensitivity factors of each buses for Case III-IV-V. First three buses which have highest sensitivity are chosen for DG installation. The capacities of installed DGs and/or open switches are determined using given optimization algorithms for Case III-IV-V and results are given in Table II. In In Fig. 3 , converge curve of the algorithms regarding to active power loss are given for Case-V. ABC is the best algorithm reaching minimum losses with 39.63 kW. PSO is the second algorithm with 40.34 kW although it has worst initialization with 73.4 kW. PSO also reaches optimum value before 20th iteration. In the end of 100 iterations, power losses of GA and DE are 41.90 kW and 42.20 kW, respectively. In Fig. 5 , voltage levels of each bus are compared with other cases optimized by ABC. As seen, simultaneous network reconfiguration and DG installation (Case-V) provides most efficient solution on system improvement in comparison to other cases. algorithms are almost same but most loss reduction is provided by PSO with 138.44 kW. In Case-II, simulated algorithms provide same loss reduction and minimum voltage level.
VII. CONCLUSIONS
In this paper, network reconfiguration and DG installation is solved separately and simultaneously using most popular heuristic algorithms such as ABC, DE, PSO and GA. Results are also compared with HAS and RGA which are exist in the literature. Loss sensitivity factor of each buses are calculated and buses which have highest sensitivity are chosen for DG placement. Simulation results demonstrate that simultaneous network reconfiguration and DG installation (Case-V) presents minimum active power losses and maximum voltage level in comparison of other cases which the problems are solved separately. Each of given algorithm provides same loss rates for only network reconfiguration (Case-II). PSO presents the minimum power loss for only DG installation (Case-III). HSA presents satisfactory solution for simultaneous network reconfiguration and DG installation (Case-V). However, ABC is the best algorithm for DG installation after reconfiguration (Case-IV) and (Case-V).
